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Improvements in and relating to Heat Exchangers 



Wc, American Radiator and Standard 
Sanitary Corporation, a corporation organ- 
ised and existing under the laws of the State 
of Delaware, United States of America, of 40 
West 4Qth Street, New York, New York 
10018, United States of America, do hereby 
declare the invention, for which we pray that a 
patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

This invention relates to heat exchangers 
and concerns heat exchange conduits and 
means for improving the transfer of heat in 
exchange circuits of great length. The mven- 
tion may be used in apparatus for heating or 
refrigeration or in generators for heating hot 
water, steam or hot air. 

A primary object of the invention is to pro- 
vide means for improving the heat transfer- 
ability of a heat exchange conduit such as 
smoke or exhaust fume ducts, without mater- 
ially impeding the flow of the heated gaseous 
medium therethrough. 

There are already well known in the art, 
many different forms of tirrbulators, but those 
already known either divide the conduit into 
much smaller passages, or cause the main pass- 
age Through the conduit to he substantially 
reduced, thus increasing the possibility of 
blocking the passage wrhen fluids containing 
solid materials are passed. 

A further object of the invention is to pro- 
vide an improved heat exchange conduit for 
use in hot water and steam generators and for 
heating and refrigeration systems of various 
types. 

A further object of the invention is to pro- 
vide a heat exchange conduit having a shaped 
turbulator element for the above-stated pur- 
poses which will produce the advantages of a 
plate element in terms of heat exchange in- 
crease without the disadvantages of the plate 
element, which are known to Sie art. 

According to the present invention, there is 



provided a heat exchange conduit comprising 
a tubular heat exchange body for receiving a 
fluid heat exchange medium, and a turbulator 
element disposed within and extending 
throughout the tubular heat exchange body, the 
turbulator being formed of rod-like material 
and shaped so as to provide portions of the 
element extending generally transversely of 
the flow path of said fluid medium in not more 
than four planes extending lengthwise of the 
tubular heat exchange body, the turbulator ele- 
ment engaging the tubular heat exchange body 
only at points spaced apart along its length, 
whereby the turbulence of fluid flowing 
through the tubular heat exchange body is 
increased without significandy reducmg the 
free passage through the tubular heat exchange 
body. 

The foregoing and furtlier features <if the 
invention may be more readily understood from 
the following description of some preferred 
embodiments thereof, by way of example, with 
reference to the accompanying drawings, in 
which: — 

Figs, 1 and 2 are cross-sectional views taken 
through exchange conduits having divider walls 
as commonly known in the prior art; 

Fig. 3 is a fragmentary longitudinal section 
through one embodiment of a heat exchange 
conduit according to the invention; 

Fig. 4 is a transverse vertical section taken 
on line 4—4 of Fig. 3; 

Fig. 5 is a longimdinal section, similar to 
Fig. 3, showing a modification of the turbulator 
element; 

Fig. 6 is a sectional view similar to Fig. 3 
showing a further modification of the clement; 

Fig. 7 is a transverse section taken on line. 
7 — 7 of Fig. 6; and 

Figs 8 to 15 are paired cross-sectional views 
corresponding to Figs. 3 and 4 and 6 and 7, 
showing additional modifications of the mrbu- 
lator element. 

In the drawings, where for the purpose of 
illustration are shown preferred embodiments 



50 



55 



60 



65 



70 



75 



80 



85 



90 



13146462 



of the invention, attention is directed first to 
Figs, i and 2, each showing a metal heat ex- 
change .conduit or tube 11 and each 
having a central divider wall or plate 

5 12 and 12'. The plate 12 in Fig. 
1 may be a thin plate and may be 
flat or corrugated. The plate 12' is a rela- 
tively thick plate. The simple division of the 
conduit into two parts by the insertion of the 

10 very thin plate is known to improve the heat 
transfer across the conduit walls, for a given 
rate of fluid flow. The reasons for this are well 
known to the art and need not be demonstrated 

here. , r , 

15 The use of a thicker plate, 12', further m- 
creases heat transfer rate, because it has 
divided the passage into two parts as indi- 
cated for the thin plate, but in addition, has 
reduced the total flow area, with the result 
20 that the fluid velocity is increased, for a given 
flow rate. Such improvements in heat transfer 
can have only significant values providing that 
the conditions of fluid flow are already in the 
turbulent zone, i.e. that the Reynolds number 
25 of the flow condition exceeds 3000 to 10000 
depending upon the fluid flowing. 

As stated, the invention as depicted in Figs. 
3 to 15 has for its purpose to reduce incon- 
veniencies of these kno^vna prior art arrange- 
30 ments. To facilitate explaimng the invention, 
the invention will be described in connection 
with the application in question, to circuits 
such as smoke tubes such as used in boilers for 
heating hot water or steam. 
35 In Fig. 3, for example, the same heat ex- 
change conduit 11 is provided internally with a 
generally regularly formed serpentme wire 
element 14 extending throughout its length. 
The element 14 in Fig. 3 has generally smu- 
40 soidal undulations formed by straight inter- 
mediate sections or legs 15 and connectmg 
curved terminals 16 between the straight sec- 
tions which engage the conduit 11 at pomts 
spaced apart along its lengdi, the unduiauons 
AC lying in a common plane. 

If the diameter of the wire formmg this 
element has the same dimension as the thick- 
ness of the plate 12 or 12', then when ^ewed 
from the end of the conduit this serpentme 
50 element wiU appear as a flat plate similar to 12 
or 12' It has been found by laboratory tests, 
that, providing the . fluid flow condiuons are 
in hit turbulent zone, the improvement of 
. heat transfer rate given by a serpentine as 
55 -^hown in Fig. 3, would be substantially^sunilar 
to that given by flat plate .12 or 12', shown m 
Fie 1 or Fig. 2, if the terpentine wire diameter 
co^esponds to the plate thickness. However, 
withlhe^erpentine^escribed^tjiajjomt along 
60 the conduit is the area reduced by more than 
one single diameter of the wire. In conse- 
quence, it becomes evident that the use of the 
serpentine, whilst permitting the same degree 
of turbulence, substantially reduces the nsk 
65 of blockage along the tube. 



Fig. 6 shows a inodification of the turbulator , 
element at 17 wherein the same is irregularly- 
shaped longitudinally but all parts thereof he 
in the same plane as depicted in Fig. 7. = 
Figs. 1 and 2 show only the use of a flat 70 
plate for dividing the conduit into two parts. 
It is also well known to the art, however, that 
a plate constructed to give a "Y" form or 
the form of a cross, thus dividing the condmt 
into three or four parts, will also further im- 75 
prove the heat transfer, rates because of the ,. 
additional turbulence created by the smaller 
passages thus formed. o -c * 

Figs. 8 and 9 show a modified form 18 of 
the serpentine turbulator, illustrated in Fig. 3, 80 
obtained by bending , the straight legs 15 at 
some point along the length, such that the two 
parts make an angle of appro3cimatcly^ 120°. 
If two subsequent loops 19 are bent in this 
fashion, but in- opposite direction, the view at 85 
the end of . the serpentine will be substantially 
that shown on" Fig. 9. "Tests have shown that 
this configuration vdU iniprove the heat trans- 
fer rate,' in' approximately the same measures 
as a "Y" plate, made froni fiat plate material, 90 
having a thickness the same as the diameter of 
the wire of the serpentme. 

Figs. 10 and 11 show a further modification ■ 
20 of the serpentme on Fig. 3, wherem each 
straight legs 15 is bent at some point along 95 - 
the length through an angle of 90°, to the pre- 
cedhig leg 15, such that the view from the end 
of the conduit will be as shown in Fig. 11, with 
loops 21 forming substantially a cross. Labora- 
tory" tests have shown that the improvement of 100 
heat transmission given by this modified form 
will be substantially similar to that obtamed by 
axross manufactured from flat plate material 
having a thickness the same as the diameter of 
the vdre forming the modified serpentine form. 105 

Fig, -5 shows a modified turbulator 14' 
formed of a central ajdal vsdre 22 having cross 
wires 23 welded or otherwise fixed thereto at 
regular intervals. The construaibn in Fig. 5 
differs from the others in that the turbulator is . no 
not formed from a smgle continuous length 
of wire or material. . * . . 

Laboratory tests have shown that this modi- 
fied form vnll give an improvement in heat . . 
transfer rate substantially similar to that ob- 115 
tained by the use of a single fiat plate having . 
a thickness the same as the diameter of the ; 
vertical wires or rods 23, shown in Fig. 5. 

In the embodiments of the invention des- 
cribed- with reference to Figs. 3 and 4 or Figs, 120 
6 and 7 or Figs. 8 and 9, or Figs. 10 and 11, 
the turbulator element is formed so that its . 
longitudinal undulations . ^ project from ! the 
centre, outwardly toward the. interior surface 
of the mbular body and . He in one or more 125 
radial planes. 

. In Figs. 12 and 13 . and Figs. 14 and 15 the 
turbulator elements 24 and 25 respectively arc. ' 
generally spirally formed along the. axis of - 
the conduit 11. Thus these figures of the draw- 130 
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iHigs show additional shapes or modifications of 
turbtdators 24 and 25 which are among many 
possibilities conceivabk under the inventionj 
such thatj by bending one straight part in rela- 

5 tion to the previous part, the end view of the 
turbulator will give a triangle as shown in 
Fig. 13, or a square as shown in Fig. 15. 

A turbulator constructed from rod or wire 
and wound in a spiral form so as to lie sub- 

10 stantially in continuous contact with the con- 
duit wall is well known to the art. 

This form of turbulator and the flat plate 
forms of turbulator, have the inconvenience 
that a significant amount of the heating surface 

15 of the conduit wall is covered by the spiral 
or by the edges of the flat plates. It is a further 
advantage of the turbulators according to this 
present invention, that the conduit walls are 
only touched at points, with the results that 

20 only a very small part of heating surface is 
impeded. 

Heat exchange devices constructed in ac- 
cordance with the invention are very econ- 
omical to construct and assemble and are 

25 highly eflScient. The construction results in a 
great lessening of fouling of passages by smoke 
charged with solid particles as compared with 
arrangements utilizing continuous divider 
walls. Additionally, the elongated wire or rod 

30 type turbulator allows the major portion of 
the conduit cross-secuonal opening to remain 
unblodsed for the easy passage of 5moke or gas. 

It is to be understood that the forms of the 
invention herewith shown and described are to 

35 be taken as preferred examples of the same, 
and that various changes in the shape, size and 
arrangement of parts may be resorted to, with- 
out departing from the scope of the invention 
claimed. 

40 WHAT WE CLAIM IS : — 

1. A heat exchange conduit comprising a 
tubular heat exchange body for receiving a 
fluid heat exchange medium, and a turbulator 
. element disposed within and extending 

45 throughout the tubular heat exchange body, the 
turbulator being formed of rod-like material 
and shaped so as to provide portions of the 
element extending generally transversely of the 
flow path of said fluid medium in not more 

50 than four planes extending lengthwise of the 
tubular heat exchange body, the turbulator 
element engaging the tubular heat exchange 
body only at points spaced apart about its 



length, whereby the turbulence of fluid flowing 
through the tubular heat exchange body is in- 55 
creased without significantly reducing the free 
passage through the tubular heat exchange 
body. 

2. A device as claimed in Claim 1 wherein 

the turbulator element is of longitudinally un- 60 
dulated form, being composed of a single, con- 
tinuous length of rod-like material. 

3. A device as claimed in Claim 2, wherein 
the element has its tindulations lying substan- 
tially in a common plane. 65 

4. A device as claimed in Claim 2 wherein 
said element is formed so that its longitudinal 
undulations project from the centre, outwardly 
toward the interior surface of the tubular body 
and lie in multiple planes. 70 

5. A device as claimed in Claim 2, 3 or 4 
wherein said tmduladons are regularly and 
generally sinusoidal. 

6. A device as claimed in Claim 2, 3 or 4 
wherein said undulations are irregular and 75 
serpentine. 

7. A device as claimed in Claim 1 wherehi 
the tin*bulator element is composed of a single, 
continuous length of rod-like materials gener- 
ally spirally formed along the axis of the 80 
tubular heat exchange body. 

8. A heat exchange conduit substantiaDy as 
hereinbefore described with reference to Figs. 
3 and 4 of the accompanying drawings. 

9. A heat exchange conduit substantially 85 
as hereinbefore described with reference to 
Fig. 5 of the accompanying drawings. 

10. A heat exchange conduit substantia'Uy 
as hereinbefore described with reference^ to 
Figs. 6 and 7 of the accompanying drawings. 90 

11. A heat exchange conduit substantially 
as hereinbefore described with reference to 
Figs. 8 and 9 of the accompanying drawings. 

12. A heat exchange conduit substantially as 
hereinbefore described with reference to Figs. 95 
10 and 11 of the accompanying drawings. 

13. A heat exchange conduit substantially 
as hereinbefore described with reference to 
Figs. 12 and 13 of the accompanying drawings. 

14. A heat exchange conduit substantially 100 
as hereinbefore described with reference to 
Figs. 14 and 15 of the accompanying drawings. 

For the Applicant, 
GRAHAM WATT & CO., 
Chartered Patent Agents, 
3/4, South Square, Gray's Inn, 
London, W.C.I. 
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